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Abstract 
A cDNA clone encoding 3j%hydroxysteroid dehydrogenaseld S4-isomerase (3j%HSD) was isolated from a cDNA library of rainbow trout ovarian 
thecal cells. Southern hyb~dization analysis of trout genomic DNA with the cDNA suggested the presence of a single gene encoding 3&HSD in the 
rainboa trout showing a total genomic size of less than 4 kilobases (kb). The cDNA hybridized to a single species of mRNA isolated from rainbow 
trout ovaries; the 1.4 kb transcripts were most abundant m trout ovaries during the later stages of oogenesis. The trout 3/?-HSD expressed in 
non-~teroidogenic monkey kidney tumor (COS-I) cells showed a unique enzymatic 3&HSD activity. ~hydr~iandrosterone was a more favoral 
substrate of the trout 3&HSll than 17a-hydroxypregnenolonc. Interestingly. the trout 3&HSD expressed in COS-I cells exhibited minimal bility 
to convert pregnenolone to progesterone. 
Kqj words: Rainbow trout; 3/%HSD isotnerase; cDNA cloning; Expression in COS-1 cell 
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1. Introduction 
Two biologically important steroid hormones of 
oocyte growth and meiotic maturation have been iden- 
tified in salmonid fish: l’?B_estradiol promotes vitello- 
genesis [ 11, and 17a,2O&dihydroxy-4-pregnen-Ione 
(17a, 20/I-DP) is a natural maturation-inducing hormone 
[Z]. Ovarian granulosa ceils are the site of production of 
these two steroidal mediators, but production by the 
ovarian follicle depends on the provision of precursor 
steroids by the thecal cells (two-ceil type model) [3]. 
Thus, a shift in steroidogenesis from testosterone to 17a- 
hydroxyprogesterone occuring in the thecal cells imme- 
diately prior to oocyte maturation is a prerequisite for 
the growing oocyte to enter the final stage of maturation 
[4,51. 
The enzyme, 3~-hydroxysteroid ehydrogena~~A’~- 
isomerase (3@HSD) is a key enzyme which regulates the 
formation of A4-3-ketosteroids from A5-3pl-hydroxyster- 
aids, i.e. the synthesis of the potent steroid hormones, 
progesterone, 17a-hydroxyprogesterone, androstenedi- 
one, and testosterone, from their much less hormonally 
active precursors, pregnenolone, 17c+hydroxypregnenol- 
one, dehydr~piandrosterone, and ~~-andr~sten-3~~ I 7/3-
dial, respectively. Whether the synthesis of testosterone 
during oocyte growth and I7~-hydroxyprog~sterone 
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during oocyte maturation by salmonid ovarian thecal 
cell layers involves either the &-steroid or .&-steroid 
pathway must be determined in relation to the difference 
in substrate preference observed in rainbow trout P- 
450~ 17, which favors 17,20-lyase activity catalyzing 17r- 
hydroxypregnenolone to dehydroepiandrosterone than 
that catalyzing 17a-hydroxyprogesterone to androstene- 
dione [6]. 3p-HSD may play a critical role in determining 
the steroidogenic pathway in the salmonid thecal cell 
layer. To answer this question in rainbow trout (On- 
corhynchus mykiss), we have isolated a full-length cDNA 
encoding 3/?-HSD from a rainbow trout ovarian thecal 
cell cDNA library. The enzymatic properties of trout 
3jLHSD were analyzed based on expression of the 
cDNA in the transfected non-steroidogenic COS-1 mon- 
key kidney tumor cell. 
2. Materials and methods 
2.1. CIoning and scquentkg 
Rat testis 3~.IiSD cDNA (rat type I) [;?, rat liver 3/J-HSD cDKA 
(rat type 11.2) [S] and human placental 3/J-HSD cDNA (human type I) 
[9] probes were used to screen the cDNA library of rainbow trout 
ovarian thecal ceils [4]. Three EDNA fra~~nts ~ntaining the majo~ty 
of the open reading frame encoding 3p-HSD were prepared: a 1.1 kb 
cDNA fragment from rat testis 3/3-HSD cDNA by digestion of EcoRl 
and Hindlii, a 1.1 kb eDNA fragment from rat liver 3/&HSD by 
digestion of EcoRl and MndIII, and a I.0 kb cDNA fragment from 
human 3&HSD by digestion of EcoRl and PvuII. Each cDNA frag- 
ment was labeled by the ~~ultiprime DNA labeling system (Ame~ham). 
Hybndization was performed as described previously [f?]. cDNA inserts 
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were isolated from positively hybridizing clones, and digested with 
EcoRI, then ligated into pBluescript KS(-). DNA sequencing was per- 
formed using a 373A DNA sequencer with a Dye primer thermal 
circular sequencing systems (Applied Biosystems Co.). 
2.2. Southern blot and Northern blot hybridization a alysis 
Rainbow trout genomic DNA was isolated from blood frozen at 
-80°C. The genomic DNA (5/.tg) was digested with 50 U of restriction 
endonuclease (BamHI, HindIII, EcoRI, and Pstl) at 37°C two times. 
The digests were phenol-extracted, dried, and the restriction fragments 
separated on a 1% agarose gel in TBE buffer containing 0.5/~g/ml 
ethidium bromide. The digested DNAs were transferred to a Hybond 
N membrane (Amersham) with 0.5 N NaOH. 
Rainbow trout ovarian follicular poly(A) + RNA was prepared as 
described previously [10]. Hybridization was carried out with 32P-la- 
beled entire trout 3fl-HSD cDNA by the Multiprime DNA labeling 
system described previously [6]. 
2.3. Expression i COS-1 cell 
The rainbow trout 3fl-HSD expression vector was constructed by 
ligating the blunt-ended cDNA fragment into the SmaI site of pSVL, 
an expression vector using the SV40 late promoter (Pharmacia LKB). 
The direction of the ligated insert cDNA was determined by digestion 
with PstI or PvulI and partial sequencing. The recombinant plasmid 
(24/lg) was transfected into 9.0 x 105 COS-1 cells plated onto a 90-mm 
tissue culture dish in 10 ml culture medium as described previously [6]. 
Mock transfections were carried out with the pSVL alone. ~4C-Labeled 
pregnenolone (1.2 × 105 dpm; 50.0 mCi/mmol; NEN), ['4C]17a-hy- 
droxypregnenolone (1.1 × 105 dpm), and [laCldehydroepiandrosterone 
(1.4 × 105 dpm; 51.0 mCi/mmol; NEN) were added to parallel dishes of 
transfected COS-I cells. ~4C-Labeled 17~-hydroxypregnenolone was 
converted from [~4C]pregnenolone using a rainbow trout testicular mi- 
crosomal preparation as follows: the testicular microsomes were pre- 
pared by homogenation f spermiating trout testis with 0.25 M sucrose, 
20 mM HEPES (pH 7.5), 1 mM EDTA, and the homogenate was 
centrifuged at 8000xg; the supernatant was centrifigated at 
105,000 x g and the pellet was collected. The pellet was suspended in 
0.25 M sucrose, 20 mM HEPES (pH 7.5), and recentrifuged at 
105,000 × g, and finally suspended in the same solution. The testicular 
microsomal preparation was incubated in the presence of 1 mM 
NADPH and [14C]pregnenolone for 6 h at 20°C. [~4C]17~-Hydroxy- 
pregnenolone was separated from the other metabolites of [:4C]pregne- 
nolone by thin-layer chromatography four times with different solvent 
systems (benzene:acetone 4:1,chloroform:ethyl acetate 2:1, cyclohex- 
ane:ethyl acetate 1:1, and ethyl acetate:benzene 3:2). Finally, radioac- 
tive 17a-hydroxypregnenolone was identified by recrystallization to
constant specific activity using authentic 17~-hydroxypregnenolone 
(Sigma) as described previously [11]. All transfected COS-1 cells were 
incubated at 37 or 20°C. The ~4C-labeled substrates and metabolites 
were separated by thin-layer chromatography as described previously 
[111. 
3. Results and discussion 
3.1. Isolation and characterization of  a cDNA encoding 
trout 3[J-HSD 
Approximately 1.0 x l0 s plaques from the rainbow 
trout ovarian thecal cell cDNA library were screened 
with 3fl-HSD rat type I [7], type II.2 [8] and human type 
I cDNA [9]. Sixty-four positive clones to rat 3fl-HSD 
type I, 49 to rat 3fl-HSD type II.2, and 71 to human 
3fl-HSD type I, were identified. Twelve clones were ran- 
domly selected from 184 positive clones, and further 
screened using rat 3fl-HSD type I cDNA. A 1.4 kB 
cDNA insert, designated as 3 Bth2-10, was selected and 
sequenced. The nucleotide sequence of 3Bth2-10 con- 
tained an open reading frame of 1122 nucleotides, which 
was predicted to encode 374 amino acid residues tarting 
from the first ATG codon and terminating at a TAA stop 
codon (Fig. 1). A poly-adenylation signal, ATTAAA, 
was found 14-bp upstream from the poly(A) + track. The 
entire nucleotide sequence of 3Bth2-19 is 55% similar to 
rat 3fl-HSD type I cDNA [7], 54% similar to rat 3fl-HSD 
type II.2 cDNA type [8], and 58% similar to human 
3fl-HSD type I cDNa [9]. 
3.2. Comparison of  the deduced amino acid sequence of  
trout 3~-HSD with that of mammalian 3~-HSD 
An overall homology of 48% was found between the 
amino acid sequence of rainbow trout and that of human 
3fl-HSD type I, type II [9,12,13], macaque 3fl-HSD [14] 
and bovine 3fl-HSD [15]. The mouse 3fl-HSD type I and 
type III [16] amino acid sequence shared 46% homology 
with that of rainbow trout. The rat 3fl-HSD type I and 
type II [7,17] amino acid sequence was 45% homologous, 
80 





TC T CTGCAAGGTGATGTGTGTGTGGTGACAGGAGCCTGTGGGTTCCTGGGAGAOAGGCTG 
S L Q G D V C V v T G A C G F L O R R L 
240 
GTAC GGCTGCTG~I~GAGK~AAGACAAGCTCACAGAGATTCOTATQCTGGACATAAATGTC 
V R L L L R B D K L T E I R M L D I N V 
300 
CGACCACAACTCATACAGTGC~TCAGAGGGGACACGCTGGTAAGTGTATTT  
R P 0 L I ~ C L H l I R O D T L V S V F 
360 
GAGGGQG~eATTAGTGATAGTGAGCTGCTGAGGAGAGCGTGCAAGGOAGCATCGCTGGTC 
R G D I 8 D S I L L R I% A C K G A S L V 
42O 
TTCCACACTOCGTCCCTCATTGACGTCAeCGGGAAGGTGTTATACAGTGAGCTTCACAGO 
F H T A S L I D V T O K V L Y S B L B R 
480  
GTCAACGTCAAAGGRACCCAGCTCCTTCTGGAGACGTGC GT e CAGGAGAATGTGGTGT ee 
V N V K G T Q L L L B T C V Q R N V V S 
540 
TTCATCTACACCAGCAGCATCGAGGTCGCCGGCCCCAAC GC CAACGGAGACCCC&TCATC 
F I Y T 8 S I E V A O P N A N G D P I I 
600 
AACGOTGATGAGAACACACCCTACACATGCT CCCTAAAGT TC CCCTACAGCAAGACCAAG 
N O D B N T P Y T C B L K F P Y S K T K 
660 
AAGGAGGCCGAGCAQGTCAC CeT  GCAAGCCCA~RR~gAGGTG~TCCAGAATGGGGGCCGG 
K E A B O V T L ~ A O G E V L Q N G O R 
720 
CTGOCCACCTGCGCCCTCCGACCCATGTACATCTAT CGTTTCCTGCTG 
L A T C A L R P M Y I Y G B O e R F L L 
700 
GGCCATATGGGAGACGGGATTCGGAAeGGGGATAT GTTGTACCGGACCTCCCGCCCGGAG 
O H M G D G I R N G D M L Y R T B R P E 
840 
GCCCAGGTGAAeeCTGTATAeGTGOQQAATGCGGCCCTGGCCCAeCTCCAGOCCGCCCGT 
A 0 V N P V Y V G N A A L A H L Q A A R 
800 
GCCCTGCGAGAeCC CCAGCGGAGAGCCGCCATCGGAGGG~,ACTTCTACTACATCTCAGAT 
A L R D P Q R R A A I O O N F Y Y I 8 D 
960 
GACACGCCGCCTGTCAGCTACTCTGACTTCAACCATGCTGTGTTGTCGCCGeTOGGCTTC 
D T P P V S Y S D F N H A V L S P L O F 
1020 
AGCATCCAGGAOAAGC CTATCCTGCCCATCCCAGTCCTCTACCTCCTCTGTTTCCTCATG 
S I Q R K P I L P I P V L Y L L e F L M 
1080 
GAGATGCTGCAGATACTGCTCTGCCCCTTCAAGCGCTTCACACCGCCCATAAACCGGCAG 
E M L Q I L L C P F K R F T P P I N R Q 
1140 
CTCCTCACCATGCTGAACACAC CCTTCAGCTTTTCCTATCGGAGGOCTCAGAGGGACATG 
L L T M L N T P F S F S Y R R A Q R D M 
1200 
GGGTACGCTCCACGGTACAGCTGGGAGGAGGCACGCAAGCGGACCATGGATTOGGTGGCT 
O Y A P R Y 8 W • E A R K R T M D W V A 
1260 
TeCCAQTTACCCRJkGGAGAGAGAGAGAATAAAGGTTAAATAATTGCCCCACGATCTGCTA 




TCTGTARJU~GTTGATATTAAAG~TGTGTGAAAAAC ) ~  
Fig. 1. Nucleotide and deduced amino acid sequences of rainbow trout 
ovarian 3fl-HSD. The amino acid sequence deduced from an open 
reading frame is shown below the nucleotide sequence. The ATTAAA 
polyadenylation signal is underlined. 
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and the rat 3fl-HSD type III [18] and the mouse 3fl-HSD 
type II [16] amino acid sequence has 44% homology with 
that of trout 3fl-HSD. 
This is the first cDNA cloning of 3fl-HSD in a non- 
mammalian vertebrate. Therefore, a comparison of the 
deduced amino acid sequence of trout 3fl-HSD with that 
of mammalian 3fl-HSD should reveal the conservative 
region for the critical function of 3fl-HSD activity in 
vertebrates. From this comparative analysis at least five 
conservative r gions, residues 8-20, 176-196, 225-246, 
254-268 and 329-345, were found (Fig. 2). The N-termi- 
nal conserved region (residues 8-20) has been indicated 
as a putative pyridine-nucleotide binding site [7], the 
consensus sequence V/ITG ..... G was wound by compar- 
ison of the regions in 3fl-HSDs and the homologous 
regions of pig 20fl-hydroxysteroid dehydrogenase [19], 
human placental 17fl-hydroxysteroid dehydrogenase 
[20], rat corticosteroid l lfl-dehydrogenase [21], human 
carbonyl reductase [22] and human 15-hydroxy- 
prostaglandin dehydrogenase [23]. The conservative r - 
gions of residues 254-268 of trout 3fl-HSD are consid- 
ered to play a vital role in 3fl-HSD catalytic activity, 
since the missense mutation of Tyr 253 in human 3fl- HSD 
type II, which aligns with Tyr 257 of trout 3fl-HSD, causes 
a loss of enzymatic activity [24]. 
3.3. Northern and Southern blot hybridization analysis of 
trout 3~-HSD cDNA 
Southern hybridization analysis to trout genomic 
DNA digested by EcoRI, BamHI, HindlII or PstI 
showed atotal genomic size of less than 4 kb (Fig. 3). The 
data indicate the presence of a single gene encoding 3fl- 
HSD in the rainbow trout, differing from the multiple 
related 3~-HSD isoenzymes in human [9,12,13,25-27], 
rat [8,17,18], and mouse [16]. 
Northern hybridization analysis showed a single 
1.4 kb transcript (Fig. 4). The 1.4 kb transcript was 
barely detectable in early vitellogenic follicles, and mark- 
edly increased in trout ovaries during oocyte maturation. 
The increased amounts of 3fl-HSD transcript during 
final oocyte maturation may be responsible for the rapid 
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Fig. 3. Southern blot hybridization of restriction digests of rainbow 
trout genomic DNA. Approximately 5 pg DNA was used per lane. 
Lanes: A, BamHI digest; B, HindlII digest; C, EcoRl digest; D, PstI 
digest. Size markers as determined by electrophoresis of a HindlIl 
digest of 2DNA on the gel are shown by arrows on the left. 
Fig. 4. Northern blot hybridization of poly(A) + RNA (2/zg) from 
various stages of ovarian follicles. Lanes: A, 2.39 mm diameter of 
follicles; B, 2.84 mm diameter of follicle; C, 5.00 mm diameter of follicle; 
D, post-ovulatory follicle. Size markers are shown by arrows on the left. 
ducing hormone of this species, 170~,20fl-DP. The factors 
involved in increasing the abundance of the 3fl-HSD 
transcript remain to be determined. 
3.4. Expression of trout 3~-HSD in nonsteroidogenic 
mammalian COS-1 cell 
Expression of trout 3fl-HSD eDNA in non-ster- 
oidogenic mammalian COS-1 cells led to production of 
an enzyme capable of converting AS-3fl-hydroxysteroids 
to the A4-ketosteroids (Fig. 5). However, the trout 3fl- 
HSD enzyme in COS-1 cells had a unique substrate pro- 
file. We evaluated pregnenolone, 170~-hydroxy- 
pregnenolone, and dehydroepiandrosterone as sub- 
strates. The trout 3fl-HSD favored the conversion of 
dehydroepiandrosterone to androstenedione (Fig. 5C 
and F) over conversion of the other AS-3fl-hydroxyster- 
oid substrates to Aa-3-ketosteroids. Pregnenolone was 
converted only to a small amount of progesterone by 
trout 3fl-HSD-transfected COS-1 cells (Fig. 5A and D). 
The activity profile was distinct from that of the rat 
[8,17,18] and human [9,12,13] forms of 3fl-HSD which 
catalyze the dehydrogenation f 17~-hydroxypregne- 
nolone --~ pregnenolone ~ dehydroepiandrosterone. 
Incubation of transfected COS-1 cells was performed 
at 37°C (Fig. 5A-C) or 20°C (Fig. 5D-F), because the 
temperature of the water in which the rainbow trout lives 
is between 10 and 20°C. The enzymatic activity of trout 
3fl-HSD in COS-1 cells incubated at 20°C, was almost 
the same as that in those incubated at 37°C except for 
the conversion of dehydroepiandrosterone t  andros- 
tenedione over a 24-h incubation (Fig. 5C). We found 
several unknown metabolites from each ~4C-labeled sub- 
strate by non-transfected COS-1 cells or only pSVL- 
transfected COS-1 cells (data not shown). Probably, due 
to the endogenous enzymatic activities of COS-1 cells, 
androstenedione was not accumulated during the 16-24 
h incubation at 37°C. When COS-1 cells were incubated 
at 20°C (Fig. 5F) we found a decline in the amount of 
unknown metabolites from 14C-labeled substrates; then 
androstenedione was accumulated. These findings indi- 
cate that trout 3fl-HSD maintains its enzymatic activity 
at lower temperatures. 
The enzymatic characteristic of trout 3fl-HSD in terms 
of substrate specificity may be important to explain the 
synthesis of 17~-hydroxyprogesterone in th  trout ovar- 
ian thecal cells. We have previously reported that trout 
P450c17 (170~-hydroxylase/17,20-1yase) expressed in 
COS- 1 cells has more 17,20-1yase activity catalyzing 17~- 
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Fig. 5. Activities of trout 3fl-HSD in COS-1 cells, t4C-labeled substrates 
were added to transfected COS-I cells, and the COS-I cells were incu- 
bated at 37°C (A-C) or 20°C (D-F). Metabolites from each substrate 
were separated by thin-layer chromatography. A and D show the con- 
version of 1.2 x 105 dpm pregnenolone (m) to progesterone (El); B and 
E show the conversion of 1.1 x 105 dpm 17~-hydroxypregnenolone (A) 
to 17a-hydroxyprogesterone (A); and C and F show the conversion of 
1.4 x 105 dpm dehydroepiandrosterone (e) to androstenedione (o). 
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hydroxypregnenolone to dehydroepiandrosterone than 
that catalyzing 17~-hydroxyprogesterone t  androstene- 
dione [6]. These two enzymatic haracterics have led to 
the following hypothesis on the synthesis of testosterone 
during oogenesis and 17ct-hydroxyprogesterone during 
oocyte maturation. First, pregnonolone is converted to 
17~-hydroxypregnenolone in ovarian thecal cells. When 
17,20-1yase activity is dominant over 3fl-HSD activity, 
17c~-hydroxypregnenolone is converted to dehydroepi- 
androsterone, which is further metabolized to testoster- 
one. When 3fl-HSD activity becomes dominant over 
17,20-1yase activity. 17~t-hydroxypregnenolone is con- 
verted to 17ct-hydroxyprogesterone, which is accumu- 
lated and secreted. Further studies on the enzymatic ac- 
tivities and protein synthesis of 3fl-HSD and P450c17 in 
trout ovarian thecal cells will be necessary. The isolation 
and characterization of rainbow trout 3fl-HSD and 
P450c17 cDNAs will greatly facilitate further investiga- 
tions of the molecular basis of the steroidogenic shift in 
the salmonid thecal cell layer. 
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